The small Isochronous Ring (SIR), whose main objectives are experimental studies of space charge effects in the isochronous regime and validation of space charge codes, is under development at the National Superconducting Cyclotron Laboratory (NSCL) at Michigan State University (MSU). The ring is a small-scale experiment that simulates the dynamics of intense beams in large-scale accelerators. It will store hydrogen and deuterium ions at energies of approximately 20-30 keV for a few tens of turns. The low beam energy and the small scale of the experiment provide a unique opportunity to perform accurate experiments on space charge dominated beams that are difficult to conduct in large-scale accelerators because of power and timing limitations imposed on beam diagnostics. The paper reports the status of the project and describes the progress in the development of ring subsystems.
INTRODUCTION
In recent years, there has been a increased interest in space charge effects in isochronous cyclotrons. Inspired by successful high-current operation of the Ring Cyclotron at PSI. several authors proposed to use an isochronous cyclotron as a driver for a number of applications [1] . [2] , [3] including radioactive waste transmutation, energy prcduction with accelerator driven nuclear reactors, generation of neutrons and other secondary panicles, etc. Tentative designs of such a machine have a maximum beam energy of 1 GeV and a beam current of 10 mA, yielding a total beam power of 10 MW.
Successful operation of a 10 MW cyclotron would be impossible without a deep understanding of space charge effects in the isochronous regime. There is a tremendous demand for experimental data that can be extrapolated to predict the evolution of beams of higher intensity. This experimental data can be also used to validate codes that are used for simulations of space charge effects in cyclotrons and other types of machines.
Detailed measurement of beam parameters in existing high current machines is difficult because of power and timing requirements on diagnostics. We developed the Small Isochronous Ring (SIR) project ( [41,[51.[61) at Michigan State University to study space charge effects in circular machines working in or close to the isochronous regime. The ring is a small-scale experiment that requires low beam intensities to simulate the dynamics of intense beams in large-scale accelerators. The important issues to be addressed by the ring are the space charge induced vortex motion specific to the isochronous regime, the longitudinal break-up of long bunches, formation of the selfconsistent stable charge distribution by short bunches, and formation of weak beam tails and beam halo. The results of the experiments will have applications to high current isochronous cyclotrons and synchrotrons at the transition gamma. The possibility of accurate measurement of beam parameters will also allow SIR to be used as a convenient taol for validation of multi-panicle codes used for space charge simulations.
DESIGN FEATURES
The SIR lattice consists of four 90" dipole magnets with edge focusing. The edge focusing provides both vertical focusing and isochronism in the ring. Because the ring is isochronous there is no need for an RF system to keep the beam bunched. However, an accelerating gap can later be installed in the ring for experiments with high intensity beams in a non-isochronous regime. In the operational ring, a pulsed el&trostatic deflector will be used to send the beam to a fast Faraday Cup after a chosen number of turns. The longitudinal beam proEle will be measured by the Faraday Cup with a time resolution of 1 ns that corresponds to a spatial resolution of 1-2 mm. Examination of the beam profile measured after a different number of turns can provide better insight into space charge effects in the isochronous regime. 
Ion source, injection line, and injection system
A multi-cusp ion source that can be biased up to 30 keV is used for production of hydrogen beams. The source generates three mass states: H+, H:, and H:. A dipole magnet situated 70 cm below the ion source separates the species and sends a selected beam towards the ring. The dipole is identical to the four magnets that form the ring. The injection line also includes an Einzel lens, a beam diagnostics box, electrostatic deflector plates. a quadrupole triplet that matches the injection line with the ring, and a beam chopper.
The beam is injected into the ring by a pulsed electrostatic inflector. Voltage on the inflector plates is regulated Four magnets form the ring, and one is used as a mass-state separator in the injection line. Table 2 lists main parameters of the magnets. Power consumption 700 (x5=3500) W All the dipole magnets have been assembled, installed on supports, and aligned. Because the magnets are all identical, we have mapped only one of the magnets in detail. To measure the field we used an NMR probe inside of the magnet and a Hall probe close to the edges. A normalized difference of the measured field from the field predicted by TOSCA did not exceed 3 .
inside the magnet and 2% at the edges. The measured effective length of the magnet was larger than predicted by 2.54 mm or approximately 0.3%. Using the measured field we calculated the betatron tunes in SIR. The radial tune U, had the same value in the measured field and in the field generated by TOSCA. The vertical tune U, calculated in the measured field was lower than uv calculated in the TOSCA field by 0.01.
Each dipole magnet includes a gradient corrector coil and a dipole corrector coil. The final setup of the ring will also include four electrostatic quadrupoles and four vertlcal electrostatic deflectors.
Vacuum system
The vacuum chamher in all the dipoles is made of aluminum to avoid complications arising from variation of the p. The injection line and parts of vacuum chamber between magnets are made of 304 stainless steel. Aluminum and stainless steel pans are joined by bi-metal Ranges manufactured by Atlas Technologies.
Two main sources of residual gas in the ring are outgasing from the walls of the vacuum chamber and the gas flux from the ion source. We plan to use three or four 500 11s turbo-pumps in the final setup with one or two pumps installed in the injection line and two pumps in the ring. Vacuum calculations show that pressure in the ring will he lower than 10W7 Tom if the ion source pressure is 1.0 mTorr. The expected beam life-time at this pressure, which is primarily determined by electron capture, i s approximately 100 turns. 
INJECTION LINE TEST
The injection line and the injection section of the ring along with pieces of the vacuum chamber in two magnets closest to the injection point were assembled and pumped down to a vacuum of 5 . loy8 Torr after several days. The 
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